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本论文通过实验测定和热力学计算两种途径研究了 Co-X (V, Er) 各二元系、
V-X (Er, Ge, Pt) 各二元系和 Co-V-X (Pt, Ta, B, Er) 各三元系的相平衡。其主要研
究工作如下： 
(1) 实验测定了 Co-V 二元系和 Co-V-Pt 三元系富 Co 侧的相平衡。 
(2) 实验测定了 Co-V-Ta 三元系在 1300℃、1200℃和 1100℃时的相平衡。 
(3) 系统地收集、整理和评估现有的热力学和相图数据，采用合理的热力学
模型，利用 CALPHAD 技术对 Co-X (V, Er) 各二元系的相平衡进行了热力学优
化与计算。 
(4) 系统地收集、整理和评估现有的热力学和相图数据，采用合理的热力学
模型，利用 CALPHAD 技术对 V-X (Er, Ge, Pt) 各二元系的相平衡进行了热力学
优化与计算。 
(5) 利用实验测定的结果和上述优化获得的五个二元系的热力学参数，结合
文献已报道的 Co-Pt、Co-Ta、V-Ta、Co-B 和 V-B 多个二元系相图的优化结果，
对 Co-V-X (Pt, Ta, B, Er) 四个三元系的相平衡进行了热力学优化与计算。 
本论文的研究结果为建立多元 Co-V 基合金的热力学数据库奠定了基础，为
高性能 Co 基合金的材料设计提供了重要的理论指导。  
 




















Co-V based alloys are the new potential magnetic materials, due to their excellent 
magnetic and mechanical properties. In order to improve the alloy properties, 
optimize alloy compositions and processing, it is necessary to investigate the phase 
diagrams and thermodynamic data in the Co-V based alloys.  
In this paper, experimental determination and thermodynamic assessments on the 
phase equilibria of the Co-X (V, Er), V-X (Er, Ge, Pt) binary systems and Co-V-X (Pt, 
Ta, B, Er) ternary systems were carried out. Major research contents are listed as 
follows: 
(1) The phase equilibria of the Co-rich side in the Co-V binary system and Co-V-Pt 
ternary system have been experimentally determined by using the optical microscopy 
(OM), electron probe microanalysis (EPMA), and X-ray diffraction (XRD). 
(2) The phase equilibria of the ternary Co-V-Ta system at 1300℃, 1200℃ and 
1100℃ have been experimentally determined by using the optical microscopy (OM), 
electron probe microanalysis (EPMA), and X-ray diffraction (XRD). 
(3) The phase equilibria of the Co-X (V, Er) binary systems have been 
thermodynamically optimized based on the available experimental data. A set of 
self-consistent and reasonable thermodynamic parameters is obtained for each binary 
system, which describes the Gibbs energies of the solution phases and the 
intermediate phases. 
(4) The phase equilibria of the V-X (Er, Ge, Pt) binary systems have been 
thermodynamically optimized based on the available experimental data. A set of 
self-consistent and reasonable thermodynamic parameters is obtained for each binary 
system, which describes the Gibbs energies of the solution phases and the 
intermediate phases. 
(5) On the basis of experimental data obtained by this work and previous reports, 
the phase equilibria of the Co-V-X (Pt, Ta, B, Er) ternary systems have been 
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experimental data. 
The obtained thermodynamic parameters of each system in this work can be 
applied to establish the thermodynamic database of Co-V based alloys. In addition, 
the calculation results in this work can provide important theoretical guidance on 
designing high properties Co based alloys.  
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1.1 Co-V 基合金的性能特点与研究背景 
 
1.1.1 Co, V 元素的性能特点 
(1) Co 元素的性能特点 
钴（Cobalt）在门捷列夫元素周期表中属于Ⅷ族金属，化学符号为 Co，原子












替 X 射线和镭用以检查物体内部的结构，探测物体内部存在的裂缝和异物。 
(2) V 元素的性能特点 
钒（Vanadium）在门捷列夫元素周期表中位于 VB 族，化学符号为 V，原子





























表 1.1.1 Co, V 元素的主要物理性质 
Table 1.1.1 The Basic Properties of Unalloyed Cobalt and Vanadium 
元素 物理特征 密度 熔点 沸点 化合价 电离能 
Co 银白色 8.9 g/cm3 1495℃ 2870℃ ＋2，+3 7.86eV 
V 浅灰色 5.96 g/cm3 1890℃ 3380℃ +2，+3，+4，+5 6.74eV 
 
 
1.1.2 Co-V 基合金的研究背景 
随着信息时代的到来，越来越需要计算机硬盘高速、大容量地保存各种数据，
而且硬盘朝着高密度和小型化的方向发展。在 1990 年磁记录材料产品和研究水
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